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Abstract 


PROBLEM TO BE SOLVED: To provide a cutting tool concurrently provided with abrasion resistance at 
a high temperature and lubricity to reduce a chipping loss by intermittent cutting and to prevent a 
chipping loss by fusion. 

SOLUTION: This cutting tool is provided with a base material and a lubricious coat formed on this base 
material by alternately laminating an abrasive resistant coat containing a compound comprising two or 
more kinds of elements selected from a group of titanium, chromium and aluminum, and one or more 
elements selected from a group of carbon and nitrogen, or an abrasive resistant coat containing a 
compound comprising one or more elements selected from a group of titanium, zirconium and aluminum, 
and one or more element selected from a group of carbon and nitrogen, a hard carbon film formed so as 
to be brought into contact with the upper part of this abrasive resistant coat, and noncarbon film 
containing one or more element selected from a group of titanium, chromium, zirconium, hafnium, 
vanadium, boron, aluminum and silicon. 
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[M**l] Mt, 

? = ^i/)'f)'i<>WJ;!) JUiJxfc. 2 QW .boo tc* i £tf!? 

*I«i:fc4B*.fc, 9JHUX*. 

[IS** 2] BtrEfflttttttHtt, «K«*lM$rSif, 
IS** 1 KIEiftcogjBijX*. 

[§»**3] ffiaafflttttttfittt, fflK«*IBIi:. 

mm, T/i'$-VM.1ej:xJtr'(%frbti:Z>&£Vmttti 
8E«fc<Dis0B'JXJl o 

[is** 4] mraira*K&iHE#tt*Kfc4s&E 

KWBtt **tr , IS** i Kiie*©SJiMiA. 
[»** 6 j fljiaBia^^jiii: m^it^mt ^jes 

»c^Jl$ixTV>5, lf**5(d|E«cO^0fiiJXft o 
[IS* 1 ! 7 J mI|EPit-ttM)II(Off^^ 0 . 5^mJ£U: 
5MmWTT'fcS, W**l^?5»**6*-r*COV^iX 
*»1*K:E«©1SJS'JIA. 

[S***8] Buia»*«tt^JK«:, ^dA*3 

* t J: t>*S^ d» f> * 5 * J: 9 »tf^fc l mm±(D 
5E* 4: b * S OTKd» S Ix S aSOi 

if, i**ii i a»<bw** 7 *-c-covvf i*(cia©co 
«]SiJx*o 

[IS** 9 ] flfflEi}M§f£KK«>J(*fts 0 . 5(,fflH 

±1 0 /x mWTT'fc©, fg**l^f>IS**8 4-e(OV> 

-r^ i *icte«co«]B'Jx* 0 

[S** i o ] INKiN«*&tt4^a«B&£;d' Rag 

*T-0. 0 3^m»i0. 5 M m^TT-feS, !*** 1 
jJ»<bW**9 i-C(0^T4x*» 1 *lc^«©§3fiiJX*. 

[is**ii] Biife«Nijx*coa^ffi^, f^, * 

5, IS** Ifrb 11**1 0*r-(OV^4x* i l*lcSEi® 
cogJB'JX*;, 

[IS** 12] fiII§B**f^, ^{k^V^T^fiffigg 

it. ?4 -Y*> Fmmtt*i£Xfiffcm&'&frbt£?>l!S$£ 9 
jllXtxfc la^W^to, M**ld><blfl**l l 



itw-f Jx*> l *»cffi;few9JSiJXWr, 

[is** 1 3 ] ftutfi-fe 7^^711 gsHk*-^ r M 
©?<k w **» e> * « # «t 9 iiimfc i at-fe 5 . is** 

1 2 (cfeiRoO^HijXft., 

us** i4] sntEa^^ii, i^isass, ?-<xm 

§»**1 2»dfei^co^]gijXA„ 

[is** 1 5 ] mmmuMte, k y /k ^k? 

A\ 7 7-T7jPII^lM»y7" > iEBiJfflJI5feSJ« 
Mf-y?. ^?^7- fill, y— ^*3«tTJ t ^3'^ 
*» * -5 S¥ <fc 9 ffltf ixfc ia-efc5. IS** 1 *» ?> IS* 

* i 4*-cco^-rttA> i *»cfE«ccogjB'jxA 0 

[IS**16] Itti, 

= !7 J*t*bti:Z>mZi 9 5Stfitfc l W.£l±(07tm 
bfc^isZXF&mfrbteZ&X 9 58tfHfc lH£JLk«05£ 

us** 1 7 ] tmmimim\±. 

tf , IS** i 6 tctettroiSB'Jxjl:. 

[is** is] ffie«»ttttoiM:, mwmmmt, *• 

A. flHJff, 7>^5^£A:fcJ;t^^a>lb£:53¥<fc 951 
tf4xfcia«±«05E*Sr-&t?*«3ie«4:«:-&tf, IS** 
1 6 K8E*0?filH!lIA. 

[IS** 1 9 ] BnSES!lf^5RRtB(rl2^*Rt'*s^ 
K\cmm£tiX\,^Z>. IS*^ 1 8tciEttc0^lB'JXA o 
[IS**2 0] Huf2?Hmt±MR(i. f- 

A, fflHig, T/U$=!7 A*JJ;tf-4r^**»fe'5fc5W± 931 

l¥ J: 9 jgfiixfc 1 XcOtE* t <b ^ S-fk-g-^Sra tf 
{k**«t**tr. IS**1 6 K:ffi«ro9JfijJI*. 
[IS** 2 l ] fltH56!SC^^Ri BtlSSik^Ri: 
sicas^ttr^o, is**2 oicfeifeco^B'Jx*., 

[IS** 2 2 ] |ffiEffl»tt:«JK<Off **S-0 • 1 U m» 

±5 /i m&Tt'*>5, IS**1 6A»<b«**2 1*-C(0 
v^-fix*^ 1 iltwie^W^BiJXJr. 

[ is** 2 3 ] Bute mmte&wmte . = 

^•7^*Jj:0 ? 7'/u5 = !7Az)>b^5S¥«t 93M(iiX7t lffl 

fflUlXoo tcIS- t A > b * 5 ^k-a-^tOM*^ fi?^; $ ix5 
Jlar-atf, IS**1 6*»?>If**2 2 * t?«OV^ 1 
*»cffiiK<0WB'Jx* o 

[is** 2 4 ] mmBHV£®.Kg<nm&tf o . 

JW±1 0 n mJeiTT-fc^), IS**1 6d»^M**2 3$ 
■C•^o^^■fi^^S> l iltciemw^HUX^,, 

i is** 2 s ] mmmmmmm<ommwg& Rat 
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ifcT'O. 01jumJW_hO. 5 /t mKTt'fco, M#«l 
6 A» ?> M*« 2 4 * T?CO V ^-f 1 «CE«C0«»J X 

Ac 

[?f*i2 6] mE<flfHXJL0jfc*B*s, v 

0»tf4xfc l «K±^5c*fcd^>fc*ft^*<olW 
M*S1 6 2 5*-ecQi^ 

-fix** l *^IB«co«JBiJXA 0 

■tfjxfcl«0#*«*fefta, R*«l 6 2 

6 s-co^-fjxa* i JSicEttosifiijx^o 

[«*S2 8] mtt?^ y?*\%, mttr^m. £ 

«fl:^*^b*6»J:0aitflx«:l«t?*>5, »#« 
2 7 KKttoSJfiiJXAo 

*3 &ti*t y^a4»6ft5ft <t o Wtfftfc i at?*? 

W#US 2 7 |CE«tO«0MX* o 
[»*«3 0] «FE«JS'JX*tt, at^KS 

Wrf-y*?. *9>vy—^ ««JX;&, )) —r&XTffi 
[0 00 1] 

^fcisOBUX^Bj-*-© t)0tfc§ 0 
[0 0 0 2] 

[«*©ttflf*J:tf»W***ftLJ:5ir»IMIl SS'J 
X*<&ifii*E*{fc, *»*{ko»#t:J(|fc-#-fcftK:, fft 
v^«)BUX*<o*f»d s **i:HH8*Jxru^S. dco<fc 5ft 
*t»HI3Sco«E4xfiO*-c, ^i-r.i<o-c#ftv^x*»JS 
ttflfco 1 o£ LTfflfiiJX*0«ffiKl(W«rW*r*fcft 

KjP^LTs JSPX«*Sr-JilR]±S*5fc«>fc, tnHHiS 
a**J:9i»!3aicftoT#-C*J9, JJjtoa«tttt* *» 

*Wttt-«i*L< fts-*-e*>«o 
[0 0 0 3] «BdX*«4, «*ft»«fi0«««:S»tS o 
*coiftfccottJW6i*a-Cfc5o J»«tt, (1) «« 
ftftJBMUKKi:, (2) iKil-COKfk^ttfiWircolW-C 
cottRft if »c Jt o r ft C « JKlftJ&K £ Id** < feft 

5 0 ^■r^^co^'b, aBflaa^sso ****** 
< ftoTX*cDjg*m«a*i*< ftsiaif»L< fts 0 - 



6t)ft»j?icj:oT^c 9, nausQ-nBij^Rifjanflij-rM 

[0 0 0 4] ±5*o?ff«coB*^>ft»tci6x.5 £ £ t 

ffli^bix-csfc, i-ftfc>*>, wc (*Mfc#v^*y» 

*Bffl£^ f-^K 

«BUX*o«K»ro«Bt, *ft*«WiLT, pv 

D (physical vapor deposition) fjfe^C V D (chemical 
vapor deposition)ffitCj:oT, ^VOfiWfc*, 4<t 

[0 0 0 5] L*»U ^CO^^^Xttffltf*. BJWfttt^ 

(DtflMJLMcOShfok it, (D Aoxfg^S:— Sft±£ 
(2) 9Jfi'J»»JcofiiJ«<7)fc«)co K7^f*PXft;*il*oo 

fcsitw^, x*<ojiifeia*tt*-t-*-riisa»cfts 

[0 0 0 6] «t d *Cx rco^-^ V^JiglCTA^-* A 

( (T i, Al) N) «*R!»3*VCl^S. SWE"Ctt* 
t(7)J: 5 ft"t7 S ^^^^-T^y^l^i: Its 
fc£;ttf#2^5-6 7 7 0 5^«t-«l*£*vo^a 
«Iftf^7/U;^^ ( (T i , Ai) CN) BW* 

«jfi"jaix(f^*oaB3fts»-fbS^ ^^r^s 
bijxamu *5s^fflfiax*oi«is<t^iK«a«>«fiija-<o 

ADXtC*|-i£BrSgftffittfci4ffiS:*LTVN^ 0 
[0 0 0 7] ^^(C, aflE"C«±, 45c?g^. 5x;^^C0 

tf, WBH^F 1 1-80932 #^«*dtt (T i , Al, 
Pb) wmt (Ti, Al, Pb) CNBtJ& 5 BB**4X"C 
l>^o 1 1 -8 0 9 3 3 #43t«JCtt (Ti, A 

I , Cu) N11M£ (Ti, Al, Cu) CNIR^BB** 
JXTV^^o WBB 2000-1 29424 \Z\* (A I , T 

i, V) (NC) Bt3&«HI**iXTV^. 

[0 0 0 8] me>co^^(cBB^S^cJK«4s »t«ft 

y tf v^*s«ftL j 5 s -r< , j*:«w«i*wt-«ofi>J##ta 

o/io L^)^Lft755?>, «jft-Ctt, SBWcoaSfeMi: 



(3) 



S4SFU ±f£<oJ: 5fc=»— T^-r V'^'IBt-C'ttWiJJcofcl* 
[0 0 0 9] d T\ 10-158861 #^IB 

MtViim^Mf&irzz t^S^^tv-cv^-a, cct% & r 
^co^B^^t:/^^^A^tfS4,#,*s looot 

XfoZ>o 

[0 0 10] L-rt>U ifi*fs ^i'JXJrCOAPXfM^^r-Jl 
ft±£i£5fc»tc§J8iM^4: 9 i«j£fc&5 d t icJP 

(f£SC) SDX-fk^ii^oofc^,, -ixibco- 
^J8dXAcoji$fera^tt^*-ii5?at-^5ffl[*]icfc5<» 
"C, ^-^fflV^ibi^-5X : R;WW!|s^•^Cf4il??Sli±3it5B0^ 

[0011] ^rt, 2000-176705 X 

14, II±ICT i N, TiCN, TiAIN, A 1 2 0 3 

^HS^ttTV^So r<7>2r$RTi4, =>— V^'XJrX 
TI-#® 0. 0 2 M mtlX0. 5^m«T 

[0012] La»u mmkm^mmm^m^^ 

So 

[0013] ilB^WTBB^SftfcjfrSfcKi.fcix 

fflX'ibZe 
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[00 14] -tw"C% ZCOmWOBtift*. Jbx£«04?& 

*fc$]8iJXA&;Si£Hnr5 C t -C*>5. 
[0015] 

[SHSr/SSfc-rafctfxO^S] r©*9l0>-o0)JBffit;: 
f£^>fc8)lMIA («T> f^fflX^lj 14, S 

nA (Cr) io£rjT/l-S.~?M- (Al) *»<b 
t) jgtfixfc 2 «£*_k«07C3i? i (C) *iJ:tWfc# 
(N) a»&fc5WJ: 9 »tf*vfciaua±©5c*£ 

«fc 5 KJBj«SixfcP«H4*H«i: SHU**. 

[0016] shmi* i ic*jv>ti4, mmtm&mzM 

^mtt^fijftci^-S £ i: t tc, «JBUXA<75^®±^«>« 

[0017] ;©3IK©t 5— oco^Bic^ofc^OfiijX 
* (EIT. r^j^ijx ; B : 2j (4, SWt, rcoS 

«-co±(C^^tLfc, ^*>- (Ti) . ^/U=. = i?A 

(Zr) feJ^TVUS^^A (Al) d^*Si*J:9S 
»4ttfcl?iKlX(737cigi:^^ (C) &£.Xf£M (N) *^ 
P>^5S¥4 t) S»4ixfc 1 mSX±(Dyt% kti*h KZik^m 

[ooi8] §]&JxA2{^*^v^T^4. mmtmmg&M 

;t3o Sot, »ffi^M©±lcJgt5J: ^icP^ti 

WtdSrWit-TS - t *st?# 5>o 
[0019] ^Offll* 1 t 2 IC*3V>T, ?Mrf ) l 'l4i , «i4fijg 

T^«ro^«)lK*fe(4**^*)lS-C-fc l 9, a-C, a 
-C : H N i-C, ^t^VK7-<^*-#y (DL 
C) fcirirfeWSflS. C<OfilK^*lK(4, j*Sl^ffi«* 

[0020] z^xo t£9K9amtt. lEf&ttfrmmx 



(4) 
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[00213 «mm%m<o*-7w& (h k> its o o 

kg/mm 2 ^. 3 5 0 0 kg/ mm 

Ll\ CLCT\ ^-^M^SOOkg/mm 2 

#^M< ft£ 0 *7t, ^— ^jl^^S 3 5 0 0 k g/mm 

mmmmmco^mz.wm^ri^i£mmtt^^ < ft 9 , 

Mt©*lfcWSa£-*-* 0 *K**Ho^-^a« (Hk) 

lilOOOkg /mm 2 ^_k s 2 5 0 0 kg /mm 2 «T 

y (Ti) x (Cr) , i?/U=2~?J± (Zr) „ 

(Hf) x /<^5rA (V) . ffiR (B) % 

tvu (a i ) teXTMr^m (si) 

J: 9 jgtfixfc 1 ««±<D7C**rStf#«*Bti ^tfCO 

[0023] s&i^ NMttKia, mnmmmt, ^ 

$1/ (Ti) , (Cr) > ^==.5rA (Z 

r) , s^7~t7As (Hf) , s<-r*J$J* (V) , HBiR 
(B) , TA^~*A (Al) *5 J; (Si) 

bft«»J:9»tfJxfciaa±«>5c*i»t* (C) % s 
* (N) fc«fctffifc* (O) d^feftSWJ: 9 Stint it 

tea* ^^rtiao t*^*bws«j* snrfcj; 
[0024] ^ijxa i k^t*** mm±ttitff>ff* 

ttO. 5 ju mJ£A_L5 MmglTtfc^O^f L^, 

^LtV^IStlt, fWO. 5 m nufeSSlCftSi: 
«»tt«BI*S't"Ctc:j*«L-c4< ftoT L* 5^<bT*fe 

[0 0 2 5 ] «AiJiA2K:*5^Ttt:, iBfflM*«Rco»* 
T\ ?B»ttttlBtOff*S: 0 . 1 p. mJ^± 5 ju m^Ticffi 

9, 5 m mSrjBt5^iflH£KRlcVa$n3j8lll^ 
< ftoTRiSillLtL* 9^?>Tfc§o 



[0026] «hmx* i icjs^-chu Rj$*&tttiHRtt, 

^*>- (Ti) N ^nA (Cr) & J: TfTfr I =- V J* 

(a D frbtezm£ymi$frtz2mu±<nKmtmm 

(C) :fcj;tf^f (N) frbtezm* ^ItfttfcliK 

fflttt. (Ti)', (Z r) *5«tWT 

= (Ai) 9 l«SLh© 

%mtmm (C) *5itf«* (N) a>fcfc5l¥J:9»i 

[0 0 2 7] «]filJX*l fc*5V^tt. 
^14 0. 5 ^ mj^± 1 0 /i mKTtfc50^« IV\ 

mm&&&m<Dm&& o . 5 ju m*«jt?*> ^> t , halr 

[0 0 2 8] 9JB«X*2 tc^oV^T^. 
^*4 0. 1 M mJ^_hl 0 MmWTT-fc50aW£LV\, 
iSJ»«tt«JK^ff 0 . 1 ju m*«|"C*> -5 t , »J»tt 

ttttflt^i- < \zmn ttH»fttti^+» ^ ft -6 ^*fe 

i , »IIM*tt««l-*asna»9Jc£*ds*:# < ftoT 

0. 5 /im^i±5 m mKT'CfcS^^qf <btc£j£ LV\ 
[0 0 2 9] fflflijX* 1 (C*^Tte. HffftttttlRoft 
ffittStt. Ral/Tt'0. 0 3 M m^±0. 5 m mgT 

^-eo. 5 /imSrSi^t, *Bi5^#ffi-ra!8ed5iPi» 

[0 0 3 0] «0BijX*2Jc*jv^tt, iHJ8«ttai«co^ 

Effifttt, Ral/Tt'0. OlMmWO. 5 mJ^T 

[0 0 3 1 ] e03"JX^ 1 c0*£ffij&S, V (T i ) N 
^uA (Cr) ^Jzt/T^^^^A (A I) *»e>_ftsw 
J:9 31im/clll«±c07c^<h^S- (C) % (N) 
fcitfltt* (O) *»ibft*WJ:9iStfJx*:ia£JL±<05c 
3^ i: frh ft 5-fk^«fi0RT*« S nr V ^ 5 L 
V\ SJH'JX*2cO*aiBA^ (Ti) N 
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(2r) , (Cr) & <fc G^T'l^ ~ £ A (A 

(C) . (N) fciUCK* (O) a>fcfcS#J:0iB 

[0 0 3 2] SJfiiJX* i K&^Tte, £#0>£S£8flE 
iN) E ^DA(Cr) miS&Tfmk*** (C r 

n) m**btezm£*>mtthizimu±<Dm&^t**m 

li, Itto«iBt»l(^tai:OIiitlc#Lt*ftt 

1. 0 m^T^fc50W* LV\ 
[0 0 3 3] -9JfiijX*2^*3V^tt, It^Iilf 
n^WimtCDm^s «JH***4a, 5 a, 6ai£5u5St 

$!4a, 5 a, 6 a Ue7C*36»6ft5W J: 0 «Hfjxfc 1 
E^^IB/itt, Iff otffl i iS^ttMt ^Sf lc*t 

Sbfcfili 5. «M-, (T 

i) x (Zr) , ?uJ» (Cr) , ^{Ll^ 

9 V (T i N) N tft^/^^^ (Z r N) SfcttS 
ft^i^ (CrN) (D\,^-ffrfa&^&*Pmmte. 

fcl, (Ti) , i/^n - r» (Zr) £ fcte^ n 

A (Cr) ^tf+IWJitt, «t»tt«W«:**-*"a*K 

coff^ri* o . 5 n mJ^_h 1 0 0 n mJWT"CfctLtf , ^if 

-m % sw <z>^*ffi * ic^-r £ r. t ^ -o * a ^ co 

i?W 1 0 0 n m^gi^)* PbII^M 
[0 0 3 4] «Mr* 1 t 2 (Cjo^T, HAE^tt«m v 



5o #tt!aJ!*^^y^ y ^^tt-C0riEi"5*fr 

[0-0 3 5] S0fi»JlA 1 t 2 €D«*ffiD«»i Lt, £Wfc 

[0 0 3 6 ] ijUfflXjil £ 212, KU/K xyK;/k 
[0 0 3 7] 

(1) i^v^/uco^ 

(i) *^B^p P pCO^ 

IS WSDKN42W77 

[0038] Hitt, z<o&w<onifomx~m^ttLF8Lm& 

[0 0 3 9] Bli#IU, Miiitt, f-^t^< 

a*iW5bt % »fi!6 a *5<tt/6 b % Rr3E«8Rt L 
[0 0 4 0] ffy^2li^#ll}P 1 4SriiC-CKS 

[Cte, ^/U 3 1 3c«p# 4 ft« 6 a *5 cfc 6 b ^ 

[0 0 4 1 ] ^^W<2CDrt«|ClR»te>lxfc3E«P*(64tt 
ir-^Si^jftoo 3E«M»4«)rt»ettlII«i»*s 

5, i^-^ScoiitcKi, ISKcofiW l 0 Sr^-To 

^3*5«t 1 1 tti([SfE««8eOAflit««fl<Jl-«« 

$^tvn^) 0 i!8ltWH8 0]Eflif4««*4x-cv^s 0 
[0042] ^-v v/^2cora^icii, ^aaR3B«5 

a tW- ^AjK«jiR5 a ld^^ttfc^6 a ld(p] 

^t^bi^Tv^Oo El 2 Idt^-i-J: ^-f v/< 2 coffin 

ic(i, r— ^scaE5BiH5 c t-tcor— ^asdfeWWs c ic 
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[0 0 4 3] El 1 [Z^irX ?lC\ T-^it^5eflS5 aio 
i^.«6alt mtHWKL7 a04M£&ttftft(cffi|K£ 
ixtv^, tt8t«JIR7 a«)jE*ittttf«S4x, ^offV 

itKP4«6 bfi, ffi8fE«SB7 beoA«i:fiaW*ct6jtt$ 
ixrv^ 0 Bggii:M7 b coEflitt««s*t, ^oft> 
/<2|c««WC«jHtS4x"CV^S Q *7c, El no** Six 

[0 0 4 4] m%tmM7 a *5j:tf7 b tt, |S*S6 a*5± 
l>*6 b t^-^^2 ircoraor— ^JfeSldJ:oT, X — 
^a3!K*«5 a*J:t/5 b S:«»«Jfcje»S*T»«* 
SSr^W l 2 afcJ:u*i 2 b*ii*-f*lRl«C3RJ6**a. 
Pi^6 ateitf 6 bift^2fc©IBIif4»+^h 

y di) tr;u^^ (ai) ojjmfc*** o . 5 

Sbil^^V (Ti) J^fe^JBjfcSftTV^So 
[0 0 4 5] ^iAP 9 |Ctt, fcfll 1 3 

tas*^ mm. 7k*. 

[0 0 4 6] st % in i 5fc/#Rgs«*fli^ 

«^ <ttcj;oT^ V^2cDrt^Sr^cJELfc 0 rot 
fc-* (H**i") l-<fc 9S«l 0^S4 5 0°C 

8 X 1 0" 4 P a *fcti 1 . 3X1 0" 3 P a i&o 

fan<DJ±t}%2. 7 P a |£«8rU KSfc«aS8C0«ffiS: 
ft/& s <b, - lOOOVtU Sit 10 cogS 

i 4j&><b^Hu stvTt^cML 

/-Co 

[0 0 4 7] &tC\ i£SK*j(g-8colSffiS:- 1 0 0 0 VIC 

fcPP i 3T^-r^r^(c«El:i OOSCCM (2 5°C, 1 
SejEeOSVtfcffiT'tOSKffi: : c m 3 /m i n) COTA-^ 

fc*#«o»fr;if*s:«jALfc« it««aB7 b^>e>»«6 

MC8 0 Aeor— ^«flE4rBt*&L, ffitt6 bcor-^3; 
9, ^9 y^fty^Mi Gco^fs**'**** y— — 
4x/c 0 

(7) 



[0 0 4 8] -x:<Dm. ^V>'s<2(Dfa3r>(DEEjlfc4 P a 
IcfcoJ: ?ic\ ^/7l?AP 9ri>fb^3S;tf*3:$AU i£ 
gf£«8S8coiBJEES:- 1 5 0 V^fcti:- 2 0 0Vt Lfc 0 
rfttcj: <9 , l Oco^ffiJc^o^r^L^^^ (T i 
N) McD«£4<MMLft:. *ft*"*>il«>»*^Bf3efiO 

T> *|B]«i: LX(D&t 3 7-*>'Bl&j$lSLL1to 

[0 0 4 9] tnitltift^P^ (CrN) JKSrT^ 
*-TS»*tCtt, bcOT — ^5tjK%M5 b t LT 

^^^Oft^t) (C^ o J* (Cr) Sr/Bl^fiWH*. flS^ 

fee 

[0 0 5 0] Sfc, ffJIJJli Itf^y (T i) 

a*^Sr»AL*v^jBT\ Safe® 
^8 011EE^- 2 0 0 V£ Lfc 0 

[0051] *mmt iodjn (c r) Kft»rici-s 

cOfttoOtd^n^ (Cr) */BV^. ^O, ^mif* % 
»AL4V^«-C, E»fim^8coSJ±£-- 2 0 0 Vt L 
fco 

[0 0 5 2] *ISJfi: Ltlft^a^!?^ (2 r N) 
£ Itf^ VOftfrtf |C^/U3 = !? A (Zr) £JEV>£ 

[0 0 5 3] ^PflSt It^^^A (Zr) fif^^ 
^c-r^iJ^tCli, g«g6 bcOT — ^^KjSM5 b t LT 
^^VCOft^tJlC^/W'^^^^ (Zr) £fflV^T, d> 

-2 0 0 Vi Ltc 0 

[0054] ^mmcom^mT-r^t, ±.m<Dwm<o 

**T\ it««JK7 ad*6BMS6 afc, 9 5Acoa«cS: 

a >t 7>V$—VJ*0>tt&m& 

^PPl 2 a T?^-r^fp]lC^^L, Sttl 0cO^S{c3f^ 

( (Ti, ai) n) Bt«:»i*Lfc 0 fflkf^vr/^; 

^^^flgcom^S: (Ti x> A 1 !_ x ) NiLfcJH, 
XliO. 3^X^0. 8(OjBiart - C*>5«0*S4?* LV> 0 
Z<Dtitb, 7—?7£MJeM5 a «r«j*-t" 5{b**<0»J« 

(Ti x> A I hX ) ti~0<b, XfiO. 3 ^ X ^ 
0. 8 (OfffilfflrtT'fc ZcDfrfrt. LV\ 
[0 0 5 5] i«|£tttni: LT*Hkf # ^7^5 = 
^ ((Ti, AI) CN) fflt***i-5»^l-tt, ^ 
^V/<2COrt^(Oj±^/75^4 Pa|:45± 9tC^/^^AP 

[0 0 5 6 ] £/c. lftf^V^PA7/U^^ 

( (T i , C r , A 1 ) N) flgS:St^l!tM«t LTJP^ 



WBB2002-U3fi(M 



«-*-S»-fr«C*4, r-^*jR«K5 a^fMfolk^ 
CO^Jc^SrT i X C r y A 1 z (0. l^x^O. 8, 

0. l^y^O. 8. 0. l^z^O. 8, x + y + z 
= 1) *i-*<0jftS#*LV\, 

[0 0 5 7] ^fb^V^ Pi,7/l-^^A ( (T 

1, cr, a i) cn) m&B&irzm&ia*, r—9 

a *r«rt1-5ft*««0lftfifcaSrT i 0# 33 C r 
0.33 A l 0. 33^ mj&J&tkftZmmt'T-f^T'l'Z- 

5 a Z&J&1-&fc&m<D$&f&jX:ZT i x Cr y Al 
z (0. l^x^O. 8, 0.- 1 £y £0. 8, 0. 1 
^z^O. 8, x + y + z = l) t-t-a©3&S#4LV\ 
[0 0 5 8] Hk^DA7/K^^ ( (Cr, Al) 
N) ttfcJBjjM-SlfrfrKlfi, 7-^SI«5aeM 

-rz>it&m<Dm.j&m cr 0i5 Ai 05 tu wa»ti&kft 
zmit^* ^ =i *? AKoBegfiK*^ t n cur* 

(Cr x , A 1 !_ x ) b-fZt, XttO. 3^X^0. 8 
[0 0 5 9] SIft^i.7/K^^ ((Cr, A 

i) cn) mzmfc-tzm^^n, T—*am&ms a 

SrMt^^W^aSrC r 0( 5 A 1 0> 5 1 L, K7f£ 

^KlRjfcLfc. 7-^S««»5aS:»fi!ct^«l<0 
jffl^AS: (Cr x> A I i_ x ) tt5t, XteO. 3^X 
^0. 8C0§irtt'feS(DWiLV\ 

[0 0 6 0] H»KtttUli: Lttft^^pA 
( (t i, Cr) n) r-***: 

SI*aS5 a ZMf&i-Z4k&'yO(Dffl.f&£:%:T i 0i5 Cr 05 

fk**«OJtt/*5tS: (Ti x , Cr L _ x ) ir-T^t, Xtt 
0. 3^X^0. 8c0$5fflP^)-efc5O^»* LV\ 
[0 0 6 1 ] gt^fb^V^ni* ( (T i , C r) C 
N) KS:JBric-t-5»*lCtt, 7-^?Bl5a« 
toft^,MS^Ti 0 5 Cr 0<5 ^U BSK/SA# 

*r*»b * ^y7/u^? AHomflMMfctt t n i: kr 

^L/c 0 T-^5£^ieiSjl5 a S:*riE-ra<b-fr*«5|fldca 
£ (Ti x , Cr x _ x ) tfot, XiiO. 3^X^0. 

[0 0 6 2] i»Wt«ii:LT»k^ = = *A (Z 
rN) JKS:»ril-t-5»*«Ctt, iffi6b0O7»^S?M 
15 b t Ltf i?ycOftfc0l;^U3^<?i, (Zr) £ 

[0 0 6 3] '^ft:^-^ V^/U=i-i^^T/U^^»j7 

At(Ti, zr, adn) imzmmmmmt it 

KKOM^txtSrT i X Z r y A l z (0. l^x^O. 8 % 
0. l^y^O. 8, 0. l^z^O. 8, x + y + z 



- 1) i:to«Jl^o 
[0 0 6 4] fi&iLVCf' $ yyy^ - ^7/^ 
( (Ti, Z r, A I) CN) flg^rjF^-ro^{C{4, 

0 33 Z r 0 33 A 1 0 33 U K»rit*#«r«*ft^^ > 

a«:»J«-r*ft*ft«>IMtS;*T i x Z r y A 
1 z (0. l^x^O. 8, 0. l^y^O. 8, 0. 

l^z^o. 8, x + y + z = i) tir^cotm^^ 

[0 0 6 5] M{b^/l^^£AT/l^~^A ( (Z r , 
A 1 ) N) 9LZ:tef&+Zm&\Z.K^ T-f&M&ms a 
ZB&ir%ik&f&(Dffij8.jX:$:Z r 0 5 A l 0 5 i U JBS^ 

(Zr x , A1 H ) itfit, XliO. 3^X^ 

o. 8<offiffirt-cfc5tf>2**?£ Lv\ 

[0 0 6 6] ^fb^/V^— I^TA^ — ( (Z 

r, ad cn) m%Bf&-rz>m&\aL r-^^mm 

U mB^^mMit^ n-r)A7;u^^ -AHgco 
BI»*A#i:Wi:^R3£L*:. 7-^^M5 a 

(Z r x , A 1 !_ x ) ttoh 
Xf40. 3^X^0. 8^)t5irtt^o^^LV\ 

[0067] mm&ttwattk itsftf^y^^!? 

A((Ti, Zr) N) * 
5 a «r»rt-r«ft*«JO»dt3**:T i 0 . 5 Zr 

»/**f*£raCl£R«Lfc 0 7-«SS5a« 
+5^«c0iBdEa;S: (Ti x , Zr x _ x ) <h1-5i:. X 
14 0. 3^X^0. 8^>*5fflrt-Cfo-5<30^»*bVN o 
[0 0 6 8] WkMWL^Z £ ^ ( (T i , Z 

r) CN) K*«^1-*»*^tt, 7-^«5a 
SrMf Sft^^MSSrT i 0( 5 Z r 0i 5 1 ffltH? 

Ctc:l5:^Lfc 0 T-^ stasis 5 a ^Mt^^io 

ft/*** (Ti x , Zr t _ x ) ttot, Xi2 0. 3^X 
[0 0 6 9] ^i^V^^o^TR^m^McO^Sa 

&v^a«anjttt— *&m^xm& i o<D&mz2 o o°c 

(Cffeijfjpt, ^-^W3{--3 5VSfctt-5 0V(Om 
JIS:a[8IE«»8Jcj:oTS3SPLfctttl"X?, ^iH^g l co 
^^>/<2cO(^aUcMm (N 2 ) (CH 4 ) 
(H 2 ) T>Vz£>> (Ar) jS*(D\t^-r 

ix*»iaa*fctt»aa*'&ira*-c*i oosccmt- 
-^i&mtcj:«9. [&*£6 c tcRtt^nfcr— ^a;ai5SiE 



(8) 



t 



4*BH2002-1L3604 



[0 0 7 0] ±BOB^tt*«:»J*-rs £ # 

ixfcr— ^SaRJBjliS d*«?ai-S, f-^^ (Ti) , 

^nA (Cr) , S^Urnn^A (Zr) , '^7=-&J» 
(Hf) , * A (V) % fflIX (B) N TJ\s^=-V 

a (ad , (si) co5%*»batfn*^*< 
ft^^v (t i n) be. v (t i cn) m. 

mttvJ* (CrN) % #ffc^/U=i-=*A (ZrN) , 
iftf^7/K^^'(TiAlN) Bt*fcH:*{fcr 
(A 1 2 0 3 ) BSrfl?«Lfc*3BWiatf^KL, 

fc. 

[0 0 7 2] (ii) 1 £ 3 0>ft£ft 

4**5 0. 5*1-0. 5CDfl:<fr4fc, KB 6 b KlRtt feixfeT 
[0 0 7 3] rttiGK«lK*JV^ S1\ »*1 1 

^0. 5 M mcoHkf^y (T i N) BIS:»J*Ufc 0 
[0 0 7 4] t^^yR^M^^TtS^, it:«fE« 

W 7 a/i^ei6 ?63£p p p 1 T?tt- 3 0 VC0m/± 

T% f£*i&3-ett-3 5 VcO®JET% «flt 9 5 AOm^J 
£«*£LT, 6 a KRtt fcKfcT- * 5£3R?8iB 5 a 

3C-2 0 0 VCO«ffiS:i£S(£ajSaiCj:oTPP^rLfco 

Ltitf 1 0 cO^EcoS-ffc^* VJRild/P*** 3 /i m6D 
SEfb^VT/US — !?-** ( (T i o. 5» A 1 0>5 ) N) Jig 

[0 0 7 5 ] (iii) Se*p° P 2 t 4 <OftH 



S6&n°n2 t 4«0f^WC*>fcoTtt, fttf 6 a iCRtffeJb 

iSSSiK 5 b *k^5 >XBf& Lfc 0 *<0ffll<©j£JK3£Btl «0 
«^o^TW:B6*fpl«ofm^»-&i:IS]«i: Lfc 0 
[0 0 7 6 ] 1 fc*5V^ f&ft 1 1 ICS 

ttl 0*rSM+tt-C, *^0Jo p p6O^M^^Itccix^^lHl 
0 coSIHSrT/^^ W ^->T^/< y * ^ y — Lfc 

a, f-ti/j^s-Q**?** y — ~v^u £ e>£* 

*#0. (TiN) H^Mtt 0 

[0 0 7 7 ] *gt<Oj&tii&»TlrZ> t s K^S 

S7a^5)|SS6a^ t£3Ep p p 2 XU~ 3 0 V<DSJ± 
T\ S£3fcp p o4Ti*- 3 «8f£ 9 

ii6 a icR*t64xfcr— ^a3R»«5 a 

(b;**^ (CH 4 ) (N 2 ) i/^mU * 

:7/u3 ic— 2 0 0 V<£StJ±*HJ"^Lfc 0 m^o^f 

* V]R±|Cjf 3 /z m^gSftf^ V (T i 
(C 0 . 5. No. 5) > Bt*«*l-fc« 

[0 0 7 8] Ek±<D& ptCLT, it 1 — St 4 IC^I"" £ 5 
4*^M?rft5«P^p 0 pN o . 1-97, tt°pN 
o. l-4S:f?fiLt fl 

[0 0 7 9] (2) HlffiiJttRfMBi 
±I(?)iet*Ug L tt y //K'fc P p B N o . 1 

— 9 7, ££5fcp p pNo. 1 — 4<D^iX j e4'U-ol 
«C*M*J-i:U-Cj»IB^^« (J I S SKD6 1) £ 

m^xiEmy^-f **nxsr*j6u eaBax*<o*ASrW 

«Lfc 0 fflffil*#tt, fflHSi** 5 0 m/m i n, 
0. 3mm/?], §Iii2mm N K 5 ftfl= fc L1t 0 
*5, »*02R|*tt, *^p b pNo. 1-4 7, «d°pN 
o. 1 — 2 iCOV^-Cii, 1 5mT*<oa£tfffi<£> 

JH«S (mm) , *%P^p p pNo. 4 8-9 4, ^3Sp p pN 
o. 3 — 4l£O^Tte, §)BiJfi$d5 2 0mT?O3gtfSO 
J^«S (mm) l:J:ot^ofc 0 CtL^C0##60ffFffi 

!p^£^i-^4lc^i- 0 

[0 0 8 0] *fc, ^3-4|Oi^$n5*:|gP^p p pNo. 
4 8-9 7K:ov^l*, iH?IH±«Bt<0^— ^flB* (k g 
/mm 2 ) WJ£Lfc 0 rJxb©«ftfiO«*J**t*3 

- 4 \Z7jkiT 0 
[0 0 8 1 ] 
[*1] 



(9) 



[0 0 









mmm 


si**®® 


Ra ( u m) 


mum 

(mm) 




(jum) 


mm 


HHP 3 " 
C J^!fl) 


mm 


( £J !fl) 








1 


Ti M 
1 IN 


u. uo 


MAIN 


1 
o 


JJH <«*f fii -^i^- 


J 


tr I 


Q 


0. 15 


0.097 




2 


T i H 
1 1 N 


U. 3 


1 IAIN 


•> 
J 


TTT ~f~ iii m 


] 


1 


n 
u 


0.14 


0. 085 




3 


Ti N 


1 


T i A 1 N 


J 






1 


u 


0. 15 


0.100 




4 


TiN 


0. 5 


TiAIN 


0. 5 


6P \£t reiser 


1 




0 


0. 15 


0. 112 




5 


TiN 


0. 5 


TiAIN 


3 






#L 


0 


0. 13 


0. 108 




6 


TiN 


0. 5 


TiAIN 


10 








0 


0. 15 


0. 111 




7 


TiN 


0. 5 


TiAIN 


3 


JSC 


0. 5 




0 


0.12 


0.110 




8 


TiN 


0. 5 


TiAIN 


3 


xt «. KM. =T* 


2 




0 


0.14 


0.102 




g 


TiN 


0. 5 


TiAIN 


3 




5 


3: L 


o 


0.15 


0.133 




10 


TiN 


0. 5 


TiAIN 


3 






TiN 


0. 3 


0.11 


0.126 




1 1 
1 1 


TiN 


0. 5 


TiAIN 


3 






Ti CN 


0. 3 


0.15 


0.120 




12 


TiN 


0. 5 


TiAIN 


3 


VX. £-X J>t =75 


. 


GrN 


0. 3 


0.16 


0.132 


IS 


13 


TiN 


0 5 


TiAIN 


3 







TiAIN 


0. 3 


0.16 


0.115 


W 

a 


14 


TiN 


0. 5 


TiAIN 


3 




1 

. ' 


a i n 
Al 7 0 3 


U. J 


0. 15 


0 096 


DO 


15 


TiN 


0. 5 


TiAIN 


3 


WMm.1£/Gr mm 






U 


0. 1S> 


0. 086 




16 


TiN 


0.5 


TiAIN 


3 


m&stm/t\ mm 




ftL 


0 


0. 14 


0. 100 




17 


TiN 


0.5 


TiAIN 


3 






ftL 


0 


0.14 


0.101 




18 


TiN 


0.5 


TiAIN 


3 






ftL 


0 


0.14 


0.105 




19 


TiN 


0.5 


TiAIN 


3 


wmmm/Hf mm 




ftL 


0 


0.14 


0. 112 




20 


TiN 


0.5 


TiAIN 


3 


wm^m/s\ mm 




ftL 


0 


0.14 


0.111 




21 


TiN 


0.5 


TiAIN 


3 


mtmm/B mm 




«L 


0 


0.14 


0.109 




22 


TiN 


0. 5 


TiAIN 


3 


EEH-flufc/TiAi mm 




*L 


0 


0.14 


0.100 


23 


TiN 


0. 5 


TiAIN 


3 






~ftV 


0 


0.15 


0. 111 


24 


TiN 


0.5 


TiAIN 


3 






ncL 


0 


0.12 


0.113 




25 


TiN 


0.5 


TiAIN 


3 


mnmm/zrumm 






0 


0.12 


0.112 


8 2] [SI 2] 


Na 




mm 








mm 


Ra (jum) 


dm) 


mm 


mm 

(jum) 


mm 


mm 


mm 


mm 


MS 


mm 

(jtirn) 


a 
pa 


26 


TiN 


0.5 


TiAIN 


3 


mm&tm/Hfumm 




ftL 


0 


0.12 


0.107 


27 


TiN 


0.5 


TiAIN 


3 


«HM«/AIN»S 




ftL 


0 


0.12 


0.102 


28 


TiN 


0.5 


TiAiN 


3 






ftL 


0 


0.12 


0.100 


29 


TiN 


0.5 


TiAIN 


3 






ftL 


0 


0.12 


0.111 


30 


TiN 


0.5 


TiAIN 


3 






£U 


0 


0.12 


0.105 


31 


TiN 


0.5 


TiAIN 


3 






ftL 


0 


0.12 


0.096 


32 


TiN 


0.5 


TiAIN 


3 


«r«*/TiAIN«Jff 




ftu 


0 


0.12 


6.113 


33 


TiN 


0.5 


TiAIN 


3 


«*tx/riai«« 




fcL 


0 


0.15 


0.121 


34 


GrN 


0.5 


TiAIN 


3 






ft I. 


0 


0.14 


0.122 


35 


Ti 


0.05 


TiAIN 


3 






&L 


0 


0. 16 


0. 104 


36 


Gr 


0. 05 


TiAIN 


3 






«:U 


0 


0.15 


0.115 


37 




0 


TiAIN 


3 






t£ L 


0 


0.12 


0.152 


33 


TiN 


0.5 


TiAIN 


3 


wmm.m 






0 


0. 03 


0. 116 


39 


TiN 


0.5 


TiAIN 


3 






feL 


0 


0.2 


0.119 


40 


TiN 


0.5 


TIAIN 


3 






)SL. 


0 


0.5 


0. 098 


41 


TiN 


0.5 


TiAICN 


3 






35:U 


0 


0.15 


0.111 


42 


Cr 


0. 05 


TiCrAIN 


3 






feL 


0 


0.15 


0.123 


43 


Cr 


0. 05 


TiCrAICN 


3 






<CU 


0 


0.14 


0.117 


44 


Cr 


0. 05 


CrAIN 


3 






L 


0 


0.16 


0. 114 


45 


Cr 


0. 05 


CrAICN 


3 






«L 


0 


I 0.12 


0. 115 


46 


TiN 


0 5 


TiCrN 


3 






ft L 


0 


0.15 "" 


0. 124 


47 


TiN 


0.5 


TiCrCN 


3 






ftt 


0 


0. 14 


0. 131 


ft 
a 

BP 


1 


TiN 


0.5 


TiAIN 


3 








0 




0. 296 


2 


TiN 


0.5 


Ti CN 


3 








0 




0. 288 



[0 0 8 3] [35 3] 
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JO. 


i i 










S£iSB 


Ra(jum) 


(om) 


ESS 


( U m) 




( jiin) 


mm 




C Mfn) 


&M 




43 


TIN 


0. 01 


ZrN 


3 




1 ocn 


] 


'J. U 


rj 


0. 14 


0. 095 


49 


TIN 


0. 5 


ZrN 


3 








i 

L. 


U 


0. 13 


0. 086 


50 


Ti N 


3 


ZrN 


3 




2240 


] 




A 


0. H 


0. 101 


51 


TiN 


0 s 


ZrN 


Q.& 1 




-j 650 






0 


0. 15 


0. 113 


52 


TiN 


0.5 


ZrN 


3 




1940 





75- l. 


0 


0. 15 


0. 104 


53 


TiN 


0.5 


2rN 


10 


Vjc «#t sre 


1600 


. 


7^ l. 


0 


0.16 


0.109 


54 


TiN 


0.5 


ZrN 


3 


fee rffa 


1830 


0.6 


fc: L 


0 


0.12 


0.110 


55 


TiN 


0.5 


ZrN 


3 




2230 


2 




0 


0 13 


0.103 


56 


TiN 


0.5 


ZrN 


3 


we. W. 


1 190 


5 


i£ 


0 


0. 12 


0.131 


57 


TiN 


0.5 
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